Abstract: Lung cancer is one of the leading causes of cancer death worldwide. Accumulating evidence has indicated that microRNAs (miRNAs) can be proposed as promising diagnostic and prognostic markers for various cancers. The current study analyzed the miRNA expression profiles of 418 lung adenocarcinoma (LUAD) cases obtained from The Cancer Genome Atlas dataset, with the aim to investigate the relationship of miRNAs with progression and prognosis of LUAD. A total of 185 miRNAs were found to be differentially expressed between LUAD tumor tissues and adjacent normal tissues. Among them, 13, 10, 0, and 10 miRNAs were discovered to be associated with pathologic T, N, M, and Stage, respectively. Interestingly, mir-200 family (mir-200a, mir-200b, and mir-429) was shown to play a critical role in the progression of LUAD. In the multivariate Cox regression analysis, mir-1468 (P=0.009), mir-212 (P=0.026), mir-3653 (P=0.012), and mir-31 (P=0.002) were significantly correlated with recurrence-free survival. With regard to overall survival, mir-551b (P=0.011), mir-3653 (P=0.016), and mir-31 (P=0.001) were proven as independent prognostic markers. In summary, this study identified the cancer-specific miRNAs that may predict the progression and prognosis of LUAD.
Introduction
Lung cancer is one of the most frequently diagnosed cancers and the leading cause of cancer death in both developed and developing countries. 1 Approximately 733,300 estimated new cases were diagnosed, and 610,200 patients died of lung cancer in 2015 in the People's Republic of China. 2 In contrast to the steady increase in survival for most cancers, the 5-year relative survival of lung cancer is just 18%. 3 Among the various histological subtypes, lung adenocarcinoma (LUAD) is the most common type in females and nonsmoking males. 1 Despite many achievements made in LUAD treatment in the past decade, such as effective molecular targeted therapy, the prognosis of LUAD patients had no significant improvement. 4, 5 Thus, novel cancer-specific biomarkers are urgently needed for LUAD patients, which may help monitor the tumor progression and guide the clinical therapy according to the prediction of survival.
MicroRNAs (miRNAs) are small noncoding RNAs of 18-25 nucleotides, which can bind to the 3′-untranslated region leading to inhibition of translation or degradation of messenger RNAs (mRNAs) at the posttranslational level. 6 Depending on the targeted mRNAs, miRNAs can act as either tumor oncogenes or tumor suppressors in caners. The dysregulation of miRNAs in lung cancer may lead to alterations in cellular differentiation, proliferation, and apoptosis. 7, 8 Accumulating evidence has demonstrated that miRNAs play a critical role in either progression or prognosis of submit your manuscript | www.dovepress.com
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lin et al LUAD. [9] [10] [11] [12] However, the majority of previous studies were based on small sample size, relatively limited numbers of miRNAs, or various miRNA detection methods. 9, [13] [14] [15] [16] In this study, the authors identified differentially expressed miRNAs between LUAD and adjacent normal tissues with miRNA expression profiles from The Cancer Genome Atlas (TCGA) project. The genome-wide miRNA expression profiles may help identify key miRNAs involved in LUAD carcinogenesis. Furthermore, the authors comprehensively investigated the association between miRNAs and progression and prognosis of LUAD, with the aim to find cancerspecific miRNAs, which may lay the foundation of molecular mechanisms and predict the prognosis of LUAD.
Materials and methods study population
From the TCGA data portal (https://tcga-data.nci.nih.gov/ tcga/tcgaHome2.jsp), 17 522 LUAD patients pathologically diagnosed from 1991 to 2013 were identified. The corresponding clinical information was downloaded (up to February 28, 2016) and filtered with the following exclusion criteria for further assessment: 1) subjects only with clinical data rather than miRNA expression data and 2) subjects with a history of other malignancies and/or neoadjuvant therapy. A total of 418 LUAD patients were enrolled in this study with complete clinical data, including age, sex, race, smoking status, the American Joint Committee on Cancer (AJCC) TNM staging system, vital status, and follow-up time. A total of 32 participants with adjacent normal tissues were included into Cohort N, while the whole 418 subjects were defined as Cohort T. As the data were downloaded from the TCGA project, all LUAD patients were well informed, and the study was performed in line with the TCGA publication guidelines (http://cancergenome.nih.gov/publications/ publicationguidelines).
Processing miRNA expression profiles
The miRNA expression data (level 3) of 418 tumor tissues and 32 adjacent normal tissues were downloaded from the TCGA project (up to February 28, 2016) . Among the 450 tissues, 400 cases and 50 cases were profiled using the Illumina HiSeq platform and the Illumina Genome Analyzer platform (Illumina Inc., San Diego, CA, USA), respectively. The expression levels of 1,046 miRNAs were presented as reads per million counts and processed with BRB-ArrayTools (Version 4.4.0; National Cancer Institute, Bethesda, MD, USA), which was developed by Doctor Richard Simon and BRB-ArrayTools Development Team. 18 Before further analysis, brief data filtering was performed according to the following criteria: 1) each miRNA with missing data .10% of all samples and 2) each miRNA with ,1.5 fold change from the median expression value in at least 20% of total samples was excluded. Finally, the expression levels of retained miRNAs were log2 transformed.
statistical analysis
Clinical variables were measured with chi-square test or Fisher's exact test. The miRNA expression levels between the two different groups (tumor and adjacent normal tissues, T3 + T4 and T1 + T2, N1 + N2 + N3 and N0, M1 and M0, stage III + IV and stage I + II) were evaluated with two-sample t-test, while the significance level was set as P=0.01 as default to control the false discovery rate. The leave-one-out cross-validation method was utilized to compute misclassification rate of differently expressed miRNAs between tumor and adjacent normal tissues. Unsupervised hierarchical cluster analysis was performed with one minus the centered Pearson correlation and average linkage methods. Kaplan-Meier method and univariate Cox proportional hazards regression analysis were used to find out the potential prognostic factors for recurrence-free survival (RFS) and overall survival (OS). The median value was used as the cutoff point of miRNA expression levels. Days from initial treatment to new tumor event were defined as RFS, while the total follow-up time was OS. Meanwhile, the permutation test method with 10,000 permutations was used to ensure the robust relationship between miRNAs and survival. Subsequently, the multivariate Cox proportional hazards regression analysis was carried out to identify the independent prognostic markers. A two-sided P-value of ,0.05 was regarded as significant. Statistic analysis was conducted with SPSS 20.0 (IBM Corporation, Armonk, NY, USA) and GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA).
Results
characteristics of patients
The complete clinical and pathologic variables of all 418 patients are shown in 
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MiRNA expression profiles in LUAD smoking status, and vital status between Cohort T and Cohort N (P.0.05).
Differentially expressed miRNAs between LUAD and adjacent normal tissues
After analysis of 1,046 miRNAs expression in LUAD tumor tissues (Cohort T) and adjacent normal tissues (Cohort N), a total of 185 miRNAs were found to be differentially expressed by class comparison (Table S1 ). Among these 185 miRNAs, 133 miRNAs (71.9%) were upregulated, and the remaining 52 miRNAs (28.1%) were downregulated. In relation to the fold change, 48 differentially expressed miRNAs showed more than threefold change or ,0.33-fold change. Among these 48 miRNAs, 33 miRNAs (68.8%) were upregulated, while 15 miRNAs (31.2%) were downregulated ( Figure 1A) . Meanwhile, to examine the reliability of class comparison, class prediction was conducted among all subjects with these 185 miRNAs. A total of 97.1% (437/450) of these subjects were classified correctly into the unpaired condition. Furthermore, the unsupervised hierarchical clustering was conducted with the 185 miRNAs to separate the tumor and adjacent normal tissues ( Figure 1B) .
MiRNAs related to progression of LUAD
Among these 185 differentially expressed miRNAs, class comparison analysis was performed to determine miRNAs associated with AJCC TNM staging system. Overall, 13, 10, 0, and 10 miRNAs were discovered to be associated with pathologic T, N, M, and Stage, respectively (Tables S2-S4). As described in a Venn diagram (Figure 2 ), mir-429 was the only one that significantly associated with three variables (pathologic T, pathologic N, and pathologic Stage). Additionally, two miRNAs (mir-30e and mir-3200) were correlated with pathologic T and pathologic Stage, while four miRNAs (mir-600, mir-200a, mir-200b, and mir-548b) were linked to pathologic N and pathologic Stage.
MiRNAs with prognostic value in LUAD
To identify miRNAs with prognostic value in LUAD, the 185 differentially expressed miRNAs were subjected to univariate Cox proportional hazard regression analysis. Five miRNAs (mir-548v, mir-1468, mir-212, mir-3653, and mir-31) were significantly associated with RFS (Table 2) , while eight miRNAs (mir-548v, mir-30e, mir-1468, mir551b, mir-212, mir-3607, mir-3653, and mir-31) were significantly related to OS (Table 3) . Furthermore, KaplanMeier survival analysis and log-rank test were conducted (Figures 3 and 4) . After adjusted by multivariate Cox proportional hazards regression analysis, pathologic T (P=0.001), N (P=0.003), mir-1468 (P=0.009), mir-212 (P=0.026), mir-3653 (P=0.012), and mir-31 (P=0.002) were found to be independent prognostic factors for RFS (Table 2) . With regard to OS, pathologic T (P=0.002), Stage (P=0.008), mir-551b (P=0.011), mir-3653 (P=0.016), and mir-31 (P=0.001) were proven as independent prognostic markers ( Table 3) . 
Discussion
miRNAs show aberrant expression profiles in various cancers, and dysregulation of miRNAs may alter the neoplastic progression and prognosis of human malignancies. 19, 20 As the previous studies described, miRNA expression data were open access in the TCGA data portal, and analyzing the TCGA data has already become an important approach to investigate the association between miRNA expression patterns and pathologic characteristics and survival in various cancer types, including lung cancer, 12 hepatocellular carcinoma, 21 renal cell carcinoma, 22 and bladder cancer. 23 For LUAD patients, Li et al 12 identified an eight-miRNA signature for predicting the OS by mining the TCGA data before. However, subjects with a history of other malignancies and/or neoadjuvant therapy were enrolled into that study, which may alter the miRNA expression levels in these LUAD subjects compared to others. In terms of the TCGA LUAD cohort, patients with a history of other malignancies and/or neoadjuvant therapy approximately accounted for 20%, which should not be ignored. Furthermore, cases with OS ,1 month were removed, which may affect the results of survival analysis. Ge et al 22 divided cases into two groups (follow-up time .30 days and ,30 days) in the previous study and found that the survival-related miRNAs differed according to whether these cases with OS ,1 month were included. Thus, given the differences in the approaches for the selection of cases and miRNAs, the authors identified differentially expressed miRNAs between LUAD and adjacent normal tissues with the TCGA dataset following the strict exclusion criteria and explored the cancer-specific miRNAs for predicting the development and survival in patients with LUAD.
In the present study, 185 miRNAs were identified to be differentially expressed between LUAD tumor tissues and adjacent normal tissues, which clearly separated the tumor and adjacent normal tissues in the unpaired condition. Subsequently, 13, 10, and 10 miRNAs were, respectively, discovered to be associated with pathologic T, N, and Stage among these 185 differentially expressed miRNAs. Unfortunately, none was significantly related to tumor metastasis status, which may be explained by the small number of M1 patients accounting for only 5% in this study. Interestingly, mir-200 Notes: a total of 13, 10, and 10 micrornas were discovered to be associated with pathologic T, n, and stage among the 185 differentially expressed mirnas, respectively. Abbreviations: n, regional lymph node invasion; T, tumor invasion.
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MiRNA expression profiles in LUAD family (mir-200a, mir-200b, and mir-429) was shown to play a critical role in the progression of LUAD. Finally, these 185 differentially expressed miRNAs were subjected to univariate and multivariate Cox proportional hazard regression analyses. Four (mir-1468, mir-212, mir-3653, and mir-31) and three (mir-551b, mir-3653, and mir-31) miRNAs were validated as independent predictors for RFS and OS of LUAD patients, respectively. Overall, the findings of this study can be a complement to the previous studies. . 28 This study has demonstrated that the mir-200ba/429 cluster was significantly associated with three pathologic variables (pathologic T, pathologic N, and pathologic Stage) in LUAD. Interestingly, upregulated expression levels of these three miRNAs were observed between tumor and normal tissues, which indicated the oncogene role of this cluster. Inversely, this cluster declined during tumor progression acting as the tumor suppressor. As a previous study reported, 29 these three miRNAs could be expressed in a wavelike manner during carcinogenesis. Specifically, these three miRNAs were upregulated in tumor initiation but possibly downregulated during tumor progression. In addition, it has been noted that low expression level of mir-200 family could predict poor survival and serve as a prognostic marker for various cancers. 30, 31 Unfortunately, this study failed to elucidate the prognostic role of the mir-200ba/429 cluster in LUAD. Among the five survival-related miRNAs, two miRNAs (mir-212 and mir-31) were negative prognosticators and the remaining three miRNAs (mir-551b, mir-1468, and mir-3653) were positive prognosticators according to the association between their expression level and patient survival. With regard to the two risky miRNAs, the role of mir-212 remains to be controversial in lung cancer. Li et al 32 found that mir-212 displayed tumor-promoting properties by targeting the Hedgehog signaling pathway in non-small-cell lung cancer. In contrast, Incoronato et al 33 revealed the tumor suppressor role of mir-212 by promoting cancer cell apoptosis in nonsmall-cell lung cancer. However, the findings of this study were in-line with the former. Upregulated mir-212 expression was identified in the comparison between LUAD and adjacent normal tissues, and the highly expressed mir-212 was associated with poor RFS. Meng et al 34 showed that mir-31 increased cell migration, invasion, and proliferation in an ERK1/2 signaling-dependent manner, and the low expressed mir-31 predicted excellent survival. Furthermore, a recent meta-analysis confirmed that high mir-31 expression was associated with poor survival in general cancers, and mir-31 may be a useful clinical prognostic biomarker. 35 Fortunately, mir-31 predicted poor RFS and OS in this study, which was in agreement with previous studies. Regarding the protective miRNAs, to the authors' knowledge, this is the first time to report the association of mir-551b, mir-1468, and mir-3653 with OS or RFS in LUAD, and the functions of these three miRNAs in cancers were poorly understood. 
Limitations
However, several limitations in this study should be noted. First, the majority of patients enrolled in this study were Caucasians and subjects from Asia accounted for only 1.4%, which affected the generalizability of the findings of the study. Additional sets with samples from non-Caucasians will be needed to confirm these findings. Second, only 1,046 human miRNAs were analyzed. So, miRNAs identified here may not represent all candidates that associated with tumor progression and prognosis of LUAD. Third, the follow-up 
Conclusion
This study identified 185 differentially expressed miRNAs between LUAD tumor tissues and adjacent normal tissues, and further confirmed the progression-related and prognosis-related miRNAs that may show the underlying molecular mechanism and predict the prognosis of LUAD. Given that false-positive results do potentially exist, these findings require further validation with large-scale independent cohorts.
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